A model for measuring the congestion in library shelves after j years (je N) is obtained by taking j-fold convolutions of the distributions that describe the yearly growth of literature (e.g., periodicals, books on a certain topic,...) From this one can estimate the expected number of critical points in the shelf, after j years. One can also calculate the probability that there will be m (me N) critical points after j years.
Introduction
This paper studies the problem of estimating (in function of time) the number of critical points in shelves that occur because of the growth of literature. More concretely we will focus on periodical shelves and investigate how long it takes before the available space for a periodical will disappear. But we can mention here that the same models can be used in the study of book shelves where, e.g., the books are ordered per subject and a certain amount of space is available, per subject (e.g., per UDC, Dewey class or whatever). One can even think of applying these congestion models to the case of a service desk where a staff member gives services, divided by "empty" time periods. Where one has consecutive services, congestion has occurred. This problem is postponed for later study. For the rest of this paper we will focus on the congestion problem in periodical shelves.
Suppose we start at a certain time t = 0. This is the starting point in which the shelves have been organized (by human intervention) in such a way that, according to the average growth per year, each periodical has an available shelfspace of a years (a~ N).
It is indeed clear that each periodical must be given the same space, relative to its average growth per year, otherwise we create non-optimal situations. The value of a is dependent on the number of shelves available at time t and is fixed but arbitrary in this paper.
We note that it is not important to know for a periodical how many back-sets are available: back-sets occupy a fixed length on the shelves (and might influence the initial choice of the value of the constant a) but do not play any role in the growth model that is under study here.
Suppose we have altogether N periodicals. We will make two simplifying assumptions: 1. This set of N periodicals remains the same in the period under study. So all these periodicals are kept current and no new periodicals are added. 2. The average growth of each periodical (as measured in shelf space occupied) remains constant in the period under study. It is certainly so that these assumptions are not always true in practise. In a forthcoming paper we intend to add the complexity, caused by not assuming 1 or 2, to the model as developed here. This model hence serves as a basic machine on which more concrete situations can be grafted. Of course, assumptions 1 and 2 are not completely unrealistic. One might decide to keep new periodicals on a separate shelf until a new time period of reshelving arrives. In this case the present model can be applied twice (with different parameters). In case of the cancellation of subscriptions one can argue that our models here are upper bounds for the congestion problems that can occur. As to assumption 2 we can note that most journals satisfy this. In our test case of library and information science periodicals we only found a few counterexamples to assumption 2. In fact in some cases we found the opposite effect, hence where the average growth of a periodical diminishes. JASIS is an example of a steady growing annual growth (in terms of occupied shelf length), while e.g., Journal of Documentation has the opposite effect. But in most cases, we have that assumption 2 is correct.
Suppose that, for each periodical (represented by the numbers ie {1 ..... N}), the number ~t i denotes its average growth, e.g., the number of mm added each year, on the average. The real growth of each periodical i, however, is a random variable which we assume to be the normal distribution around gi" Let (yi 2 denote the variance of the annual growth of periodical i. Hence we assume that the annual growth of periodical i is ruled by the normal distribution N(~ti,(yi2), which density we denote by fi:
.for xe R although, since [.ti>0, most of the density is obtained for x>0.
We supposed that at our starting point t=0, each periodical i has an available shelf space equal to al.ti, the average growth of this periodical in a years. The numbers bti and (~i are easy to estimate from the shelf (see appendix B).
First we will develop a probabilistic model that will answer the following questions 1. For each je N (hence j can be <a, =a or >a), what is the expected number of periodicals that have used all the available space that was reserved for them (i.e., that are congested), after j years? 2. What is the probability to have, after je N years, me { 1,...,N} periodicals for which congestion has occurred? This will be studied in the next two sections. The last section is devoted to two practical test cases.
The expected number of congested periodicals after j years (j~ N)
So the annual growth of each periodical ie {1,...,N} is ruled by the normal distribution N(gi,oi 2) with density (1). Let je N and denote by zi, j the growth (in shelf length) of periodical i during the first j years. Now
k=l where Xi, k denotes the growth of periodical i in year ke { 1,...,j}.
We can assume that the growth in year k is independent of that in year k' (k~:k'). It is then well-known (see e.g., Feldman and Fox (1991) , p. 347) that the distribution of zij is the j-fold convolution of the distributions ofxi,1,...,xi, j. Hence P(periodical i grows zij in the firstj years)
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oi again a normal distribution with average J~i and variance joi2. Periodical i will be congested after j years with a probability P (i has a growth zij>ag i inj years).
But zij>ag i if and only if
and this is distributed in a standard normal way. Denoting by q5 its well-known cumulative distribution function, we obtain that (5) equals j From this it also follows that, denoting by E(j) the expected number of congested periodicals after j years, we have
Properties of E(j)
1. For j=a we find E(a)=N/2 (since ~(0)=1/2). Hence, after j=a years, 50% of the periodicals is congested (if one does not interfere).
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Scientometrics 46 (1999) 2. The behaviour of E(j) in function ofj is as in Fig. 1 . One can easily show that E(j) increases and that 3j0<a such that this increase is convex for j <jo and concave for j>j0. This graph describes the evolution of the average congestion of periodical shelves in function of time. For its derivation, see appendix A where one presents an equation of degree 3 for the calculation of the osculation point j0. For this, the assumption that V -r (9) ~ti is a constant in i is adopted. Appendix B investigates this and concludes from experiments that this is acceptable, certainly as a first approximation. Note that V is the so-called variation coefficient, i.e., a measure of relative dispersion. As proved in Egghe and Rousseau (1990, 1991) , V is the best concentration measure and is used in econometrics, biometrics and informetrics.
3. If V above is constant, we find that
where we denote
Scientometrics 46 (1999) The probability to have m congested periodicals (me {1,...,N}) after j years (je N)
For ic { 1,...,N}, it follows from (7) that the probability that only periodical i will be congested after j years is
/1or
kr More generally, the probability that, after j years, me {1 .. From now on we again adopt the assumption (9). This yields for (13), using (11) 
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yielding ( 
If also m is high, we have
q0m(Jm ) represents the highest possible probability that we find m congested periodicals in the shelf (measured over time j~ N). 2. q0m(j ) as a (discrete) function of m (formula (14)) is a binomial distribution. It is well-known that its mode is given as follows: -if N(1-qbj)+l-~j~ N, then this as well as N(1-~j)-~j are the two modes (i.e., the two entire consecutive numbers for which N(1-cI~j) is in between), -if N(1-~j)+I-~j~ "N (most likely situation) then the (unique) mode is given by the entire number m 0 that is closest to N(1-~j).
In any case, since N>>~j and N>>l-qSj we have that the mode of q~m(J) (for m variable) is approximated by
So, not only is N(1-q~j) the expected number of congested periodicals (previous section) but it is also the most likely number of congested periodicals, at any time j. These are in fact properties of the binomial distribution. (14) (also well-known for the binomial distribution). So this argument gives a second proof for formula (10).
Scientometrics 46 (1999) 2. The average number of years that it takes to have me { 1 ..... N} congested journals is given by cx~ Zjq0 m (j). (22) j=0 However, we were unable to find an analytic, manageable, form for formula (22) .
3. It is easy to see that, ifX is the r.v., denoting the time j in which the first journal starts being congested, we have
Forj high we have (since then qbj_l, qbj are very small)
Problem: calculate E(X).
An example
In our example of N=13 periodicals in library and information science (appendix B) we found that all values of V were between 0.1 and 0.2 with average V=0.14. We will use this value for V as well as a=5 years as an example, corresponding to the real case in my library. We obtain the following table, for j=l .. As we can see here, the evolution of the congestion is almost deterministic, due to the fact that V=0.14 is very low (very little fluctuations from year to year). This is a good situation: one only has to intervene just before j=5.
Let us now see what happens if V=0.14 is changed into V=0.5 and N=100. We keep a=5 years. Now we obtain the following Note that these values also represent the mode of q~m(J), by (20). The decision is clear: one must intervene soon after j=3 years. The reader can verify the shape of E(j) as determined earlier. Here we find, using equation (A7) in x and jo=l/x, that the osculation point jo-4.5<a=5 as predicted by the model. The above ~j-values can also be used to determine ~Pm(J)" We calculate this for the important years j=3 and j=4. This yields some concrete probabilities to have m congested periodicals after j (=3 or 4) years: q~1(3)=0.369, q~2(3)=0.192, q33(3)=0.066 for j=3 (note that the mode is at m=l=l.04=E(3), as found in the model) and q~13(4)=0.085, q~14(4)=0.100, q~15(4)=0.108, ~P16(4)=0.108, q~17(4)=0.100 (note that the modes are at m=15 and 16 and that E(4)=15.87 is between them, as found in the model).
This shows that the found formulae are calculable and that the model works.
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The author is grateful to Prof. Dr. R. Rousseau for interesting discussions on this topic at the time of the preparation of this paper. Scientometrics 46 (1999) This proves the shape of Fig. 1 . The value ofjo follows from the equation E"00)=0. Let us suppose that (9) is valid. Then it is a simple calculation to see that 1/jo is the solution of the equation 1 + (a+V)x + a(3V-a)x2-a3x 3 = 0.
(A7)
